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Sultan Qaboos University 
• Opened in 1986 
• Mainly local, undergraduate students >18000 
 
• PhD program started in 2008 
 
• 9 Colleges           College of Agricultural and Marine Sciences 
 
• 7 departments     Department of Marine Science and Fisheries 
www.squ.edu.om 
• Advanced aquaculture 




• Biofouling and 
antifouling 
 
• Marine natural products  
 
• Genetics of commercial 
species (spiny lobster) 
 
• Bioinformatics (microbial 




• Marine biotechnology is the 
industrial, medical or 
environmental application of 
biological resources from the 
oceans 
History of marine biotechnology 





 2000 years 
 
Sea animals 
in medicine  
 1000 years 
 
Aquaculture 
 40 years 
 
First marine 
drug on the 
market  

























• Bioremediation – degradation of 
pollution by marine organisms 
– Heavy metals, oil pollution, etc. 
 
• Biosufractants – “natural soap” 
increase availability and disperse 
compounds 
– Oil enhanced recover, oil degradation 
 
• Biosensors – biological detectors 
– Devices for medicine, petroleum 
industry, and aquaculture 
https://www.festo.com/ 
Microbes on sea turtles 
• Sea turtles (Chelonia mydas) have 
unique diatom communities  
 
• New diatom genera Poulinea and 
Chelonicola composed >60% 
 
• Investigating possibilities of using 
diatoms as gas biosensors and as 
photonic crystals.   
 












Recirculating Rearing Facility 
Aquaponic facility 
DAY 8 












Macro-fouling (barnacles, mussels) Micro-fouling (bacteria, microalgae) 
Marine Biofouling 
Impact of biofouling 
• Fouled ships hulls burn 40% 
more fuel. Increase emission 
of CO2. Costs €7.5 mill./ year 
 
• Control of fouling of water 
tanks, exchangers, power 
plants, costs over €15 
bill./year 
 
• Control fouling on RO 
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Marine bi fouling is a costly 
problem 




•Biocides are mixed with the paint 
and slowly leach out 
 
 
•Biocides kill non-target organisms, 
accumulate in the sediments, affect 
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Non-toxic alternatives are needed 
Non-toxic alternatives for 
biofouling prevention 
• “Learn from nature” 
approach 
 
• Some marine organisms 
are clean from 
biofouling 
 
• Can they “teach” us?  
Bacterial quorum sensing  
Quorum sensing in marine 
environment 
http://www.che.caltech.edu/groups/fha/quorum.html 
Quorum sensing was first 
discovered in the marine 
luminescent bacterium Vibrio 
fisheri – a symbiont of the squid 
Euprymna scolopes  
Acyl homoserine lactone (AHL) 




Long  chain 
AHLs 
Huang et al. 2007 Microbial Ecology 
High tide 
Low  tide 
Petri  dishes 




















1. Signal synthesized 
2. Signal 
diffuses 3. Signal binds to  
receptor 
4. Receptor binds to promoter 
Attachment, toxin production and biofilm formation 
5. Expression 












































Separation and identification of 
compounds 
Organisms are 
extracted with polar 





Extracts were identified 
based on GC-MS, LC-MS and 
NMR  
Extracts separated by 
chromatography 
Screening of microbial natural 
products for QS inhibitory activity 
Dobretsov et al. 2011 Biofouling  
Out of 100 tested compounds about 25% has QS inhibitory activity 
QS inhibitor from the cyanobacterium 
Lyngbya majuscula 
Malyngolide 
EC50 = 12.2 ± 1.6 mM 
Dobretsov et al. 2010 Environmental Microbiology 
Reports    
Inhibition of biofouling 
QS inhibitors reduce densities of macrofoulers 
QS inhibitor 
Dobretsov et al. 2011 Biofouling   
Inhibition of biofouling 
QS inhibitors reduce densities of macrofoulers 
QS inhibitor 
Dobretsov et al. 2011 Biofouling   
It is possible to prevent biofouling 
using QS inhibitors 













• About 50% of caught 
fish is wasted 
 
• Fish waste contain many 
biomaterials and 




• Chitosan is obtained from crustacean (shrimp, crabs)  shells 
(waste)  
 
• It is a linear polysaccharide 
 





Antialgal activity of chitosan-ZnO 
nanocomosite coatings 
control chitosan nanocomposite 
Al-Naamani et al. 2017 Chemosphere 
Chitosan-ZnO nanocomposite was more active  
Chitosan Composite 
Nanocomposite for food 
applications 




• Reduced fungal and 
bacterial growth 
 
• Not affected quality of 
fruits and vegetables  
 
• Extend shelf-life 
Al-Naamani et al. 2018 Nanomaterials 
No coating Chitosan coating Composite coating 
Composite coating 
Nanocomposite for food 
applications 
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It is possible to create industrial 
products from fish waste  












Marine natural product 
publications 
The number of published marine natural products are increasing 
> 6,500 publications > 42,000 patents, 16% of all NP 
Dobretsov & Soussi 2012 Bioactive molecules from the sea 
Marine organisms producing 
natural products 
Dobretsov & Soussi 2012 Bioactive molecules from the sea 
Mostly natural products are reported from bacteria and sponges 
Some marine natural products on 
the market 
• Anticancer Ecteinascidin or Yondelis® 
originally from the tunicate Ecteinascidia 
turbinata synthesized now by PharmaMar 
 
• Pain relief drug Ziconotide derived from 
venom of the snail Conus mardus. 
 
• Vent DNA polymerase from the marine 
thermophile Pyrococcus furiosus for PCR 
 
http://www.underwaterkwaj.com 
Anticancer compounds from 
Omani marine organisms 
• 40 natural products form 
marine organisms were 
screened 
 
• 22.5% showed anticancer 
activity to MCF-7 breast 
cancer cell line 
 
• EC50 range from 1000- 
50μg/ml 
 




• Malformin A isolated from 
the soft coral Sarcophyton sp.  
Anticancer activity of malformin 
• Apoptosis of MCF-7 
breast cancer cells after 
treatment with 
malformin at 50μg/ml 
for 24h 
 
Dobretsov et al. 2016 SQU Med. J 
Anticancer activity of malformin 
• Apoptosis of MCF-7 
breast cancer cells after 
treatment with 
malformin at 50μg/ml 
for 24h 
 
Dobretsov et al. 2016 SQU Med. J 
Marine organisms can be a source 
of new pharmaceuticals 
Problems associated with  
marine natural products 
• High cost & long time. >$ 1 mil  
     >10 years 
 
• Source? Who is producing the host or 
the microbial symbionts? 
 
• Supply? Not sufficient 
14 metric tons (wet weight) of bryozoan = 






Bugula neritina does not 
produce anticancer 
compound - bryostatin 
Solutions 
 
• Problem: Not sufficient supply 
 
 
• Solutions: microbial fermentation, 












• Look for new 
genes and new 
functions 
 




Kennedy et al. Mar Drugs 2010 
Bioactive genes in Brazil sponges 
Batista  et al. Mar Env Res 2018 
Conclusions 
• Marine organisms provide food, bioactive compounds and  
high tech products for different applications. 
 
 
• Chitosan from fish waste can be used in industrial 
applications (food packaging, antifouling) 
 
• QS exist in marine biofilms and inhibitors can be used for the 






of marine organisms  
 
• Interdisciplinary research 
 
• Development of start-ups 
companies that translate 
scientific discoveries into 
products 
 
51 
Gracias! 
